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The presentation focuses mainly on work made in relation to the wave buoy 
analogy, where the central point is to use available wave‐induced global vessel 
responses (motion components, accelerations, hull girder strains, etc.) to make 
on‐site sea state estimation from an advancing ship (any floating vessel) in a 
seaway. Thus, within technical ship operations at sea – and more generally 
for all maritime operations – knowledge of the onsite sea state can be used 
to improve both safety and efficiency. In particular, this type of sea state 
estimation can provide fundamental information to control‐ and decision support 
systems (DSS), which also include the area of dynamic positioning, in which the 
sea state estimate can be used for feed‐forward control, improving both 
station‐keeping behaviour and fuel consumption. Moreover, vessel performance 
systems for onboard as well onshore (‘in‐house office’) fleet analyses gain 
advantage by having available continuous estimates of the sea state at the 
particular position.
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Decision support systems for safe and efficient marine operations:
... guidance with respect to the vessel’s speed and/or wave 
heading in a seaway. Objective is to reduce risk(s) associated to 
critical response levels and/or improve (fuel) efficiency.
Concern for safety includes, e.g.
• Sea sickness of passengers
• Loss of or damage on containers and cargo
• Structural damage from slamming or wave impacts
• Large roll motions; parametric roll





• Development of decision support systems (DSS) started in the 1970’s; due  to a 
general demand for more exact knowledge about behaviour of ships as changes in 
speed and course were made.
• Increase in vessel size and more optimised ships imply a drift towards the physical 
limits with respect to capability and survivability.
• In rough weather and at night decisions are sometimes made by pure guess and/or 
gut feeling only.
From  L. Adegeest, 05-03-2012 @ Skibsteknisk Selskab
Introduction: Monitoring and decision support
7The need for guidance...
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Introduction: Monitoring and decision support
8Typically, decision support systems have two combined and 
integrated functions;
From K. Bendix , 05-03-2012 @ Skibsteknisk Selskab
• Monitoring: The current ‘state’ 
(weather and wave environment, 
motions, accelerations, hull girder 
strains, etc.) of the vessel is 
recorded by sensor measurements. 
The state is normally visualised to 
the ship’s master in graphical plots.
• Guidance: Safe and efficient 
speed and course options for the 
next 20 minutes to 3 hours are 
displayed (graphically); often in 
terms of polar diagrams. The given 
guidance presents ‘expected 
behaviour’ and, thus, reliability 
becomes critical. Consequently, 























 Classical wave rider buoys; any wave action makes the buoy 
moving. 6-dof (3 translations and 3 rotations) “problem”
 Measurements of 3 accelerations and 3 angular rates are 
processed and, from an inverse problem, the “wave action” is 
solved.
 Due to their fixed position, the information from wave buoys is 
















































































































































• That is, the wave spectrum, E(,β), is deter-
mined in K·M points,
• Relationship between encounter and wave 
frequencies is secured by discretising the wave
field into a number (M) of wave frequencies 
and number (K) of directions.
• Solution obtained by minimising the difference
between the left- and the right-hand side of (1):
• and the solution is sought from L equations.
• Equations are set up for at set of encounter 
frequencies, e=∆e·l, l = 1,2,...,L
(1)
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 In general, more unknowns than equations.
Two procedures:
1)  Non-parametric (Bayesian) modelling
2)  Parametric modelling
 Assumptions: 1) Introduction of the error as white noise 
(stochastic viewpoint); 2) Non-negativity constraint; 3) Intro-
duction of prior information (~ ‘Bayesian approach’).
 Introduction of parameterised wave spectrum:




























































• Additional equations established by use of prior information, accordingly
a) the wave energy spectrum is expected to be smooth, and
b) the energy of ocean waves is expected to vanish for (very) low/high frequencies.
Prior information
minimise the curvature of E(, β),
i.e. smoothing for both  and β




• Mathematically, seek to
• How much smoothing is needed?? • The amount of smoothing is controlled
by so-called hyperparameters, u and v,
so that solution is obtained by minimising
• The optimal values of u and v must be 
determined by some criterion, ABIC.
• It is a compromise between 
agreement of the left- and right-hand 
sides of the governing equation system 




The wave spectrum is modelled as a 15 (3 x 5) parameter standard
spectrum (Hogben and Cobb, 1985):
 Mixed sea is allowed
 Non-linear optimisation problem established by minimising the 
difference between left- and right-hand side from 











































































 Time series data where the 
underlying wave parameters 
are precisely known.
 LNG carrier. RAOs
calculated by 3D panel code
(Wasim)
Numerical simulations







Heading 135 deg. + 45 deg.
Mixed sea (wind + swell)
Heading 90 deg. + 45 deg.
Numerical simulations
























Full-scale measurements from sea trials (DRDC)
(L = 71.6 m, B = 12.8 m, T = 4.8 m, Cb = 0.51)
 Responses: roll rate, roll angle, pitch rate, pitch angle, 
horizontal acc. and vertical acc. (all recorded at bridge).
 Ship motions calculated by DRDC (SHIPMO7) using 
2D strip theory
 Sea state monitored continuously by three wave rider 
buoys (MEDS C44137 and two drifting Triaxys buoys)




Full-scale measurements from sea trials (DRDC)
WBA: Results by wave 
buoy analogy.
DRDC: Results obtained 
as the weighted average 





























Ship Fault Detection Nominal DSS New DSS
model




































Prediction with 10 sec ahead
Target
Output
95 percent confidence interval





• Newly started research 
topic....
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Future work: “Deterministic” response predictions (5 – 30 sec.)
01-12-2014
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The end
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